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to an inproved process 5 for producing a multilevel inter®¥®ect circuitry

conpri sing conducting tracks and m crovias and possi bly pads.

cont ext of *aeoby?ggghgn, the term"mcyovias" is undsgsimosh }@a

m croconnecti ons
| ayer. Wthin the electronics field,

product mniaturpzgbs9s PO FQMRLLstiRg'&mbi0i DEVED SPPERI LRy

n

speed. These 15 trends are accentuated by the grow ng use of surface

nmount ed conponents such

Wthin the

passing right through the thickness of a dielectric
there is a trend towards opti nmum
terns of

ingGhrachis @hdmivvrdviilag chi p conponents.

Integration densification is desirable in three dinensions: both in an

axial direction by 20 successively stacking ever thinner dielectric/copper

| ayers, in order to obtain a nmultilayer,

and in the plane perpendicular to

this direction by brifgengneeatibnneelatasksoaad papsovedsprotegst her. The
process of the invention neets these 25 requirenents by producing a "fine
| i ne" ci bcuforypchdnatngrazedlbylevatkinhdreannectackraudthy of |ess
than 100 um and hole or via dianeters of less than 10 O um . This process

al so ensur esoBREEBLBAL canfBstbRdofrafksngnd| Migyersasoanfieprapaibéiri c
substrate and 5 limts any inprecision due to the successive stacking
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pads.

Within the context of the invention, the term
“microvias” is understood to mean microconnections
passing right through the thickness of a dielectric
layer.

Within the electronics field, there is a
trend towards optimum product miniaturization and
towards increasing performance in terms of speed. These
trends are accentuated by the growing use of surface-
mounted components such as BGA, CGA, CSP or other flip-
chip components.

Integration densification is desirable in
three dimensions: both in an axial direction by
successively stacking ever thinner dielectric/copper
layers, in order to obtain a multilayer, and in the
plane perpendicular to this direction by bringing ever
finer tracks and pads closer together.

The process of the invention meets these
requirements by producing a “fine 1line” circuitry

characterized by track and intertrack widths of less
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of the layers. The process of the invention is furthernore economcally
advantageous in so far as it involves a small nunber of steps. 10 According
to a first of its aspects, the invention provides a process for form ng
conducting tracks and mcrovias in a dielectric covering a first circuitry
l evel or a first netallized |ayer, withgut danage to the said first
circuitry level or the said 15 first netallized | ayer. The process
described in Patent US 5 260 170 teaches how to fabricate circuitries

conpri si ng GARAUCLiNInNHPHAS okivs PIAGRRT LARA 985 d hg ol | owi ng
steps: 20 1. applying a first |layer of photoresist, containing an
el ectrochemigal getal lization catalyst, to a substrate 2. irradiating and

devel oping so as to expose certain parts of the substrate; 25 3. applying a
second | ayer of photormsistprdts< sy RirdthraesTeRbaldlilzait gy st ; 3
4. irradiating and devel oping so as to expose certain parts of the first

| ayer and ofoft tthes miettalatleyyers et alHd zlird esltadia eoibestircedd \and Steps 3, 4,
5 are used to formtracks and m crovias, the second | ayer of photoresist
form ng Sel démiivees @nyt detprseisikine dugydro ithensuaquessiort stHeckimgress may be
repeated several tinmes so as to obtain nultilayer circuitries, the final
surface 10 &Ht &hfeda@ns-ng as substrate. The circuitries obtained

according to the process descri bed above suffer from poor planarity, which
is to the detrinent offhd&hOGHStidf dhe iRvendiambddk T theemrssvel | i ng

henonena in the . . Co s
P economically advantageous in so far as it involves a

small number of steps.

10 According to a first of its aspects, the
invention provides a process for forming conducting
tracks and microvias in a dielectric covering a first
circuitry level or a first metallized layer, without
damage to the said first circuitry level or the said

15 first metallized layer.

The process described in Patent US 5 260 170
teaches how to fabricate circuitries comprising
conducting microvias. This process comprises the
following steps:

20 1. applying a first layer of photoresist,
containing an electrochemical
metallization catalyst, to a substrate;

2. irradiating and developing so as to

expose certain parts of the substrate;

25 3. applying a second layer of photoresist,

not containing a metallization catalyst;



15 photoresist in contact with solutions used for various treatnents, such

as the activation of the catalyst or the netallization. It may al so be due

to too great a superposition of |ayers. The invention provides an inproved

process 20 for fabricating a circuitry, nmaking it possible in particular to
achi eve better planarity. The process & so has the advantage of being nore

reliable, by reducing the anobunt of circuitry that woul d be

of f-specification as a result of inprecisions in the 25 superposition of

the layers and in thegposi tireabnathgt BRANHETEYbBSNgFEE LBI Sopurpose, the
i nvention provides a process for fabricating a nmultilevel interconnect 9

circuitry conprising netal ekpaskscaptdaihcpaytasofconpr kskpg tthgetol | ow ng
steps for producing at |east one level: a) formng, on a substrate having 5
nmet al | i zabl e and/ or pot ent ealll gpfmehal kubabketparts on its surface, a first

| ayer of insulating photoresist containing a conpound capabl e of inducing
subsequent netal | izat bon; hethiladiagi ageahdodeemioplihy.the first |ayer 10
so as to selectively expose netallizable and/or potentially netallizable
parts of 5t he substrat 8tep} Bor Av ng, abe weedl tpzhervntraekal andacks and

m crovias on the surface of the first Ia¥er of insulating photoresist and
of the part8lexpBida-i A&t 8pce8dpyavyRrt ATt RROGSESSESE SBEBARYI ayer of

hotoresi st formng selective protection; characterized in that the process
bonpri sos. POreRrodePRGCERBLPByerAin QOUSEI bR NECSFEROHRRF ng whi ch L he

fsgf%”ﬂg' ayer 20 of phaforgsial LSnL§MBYCHepd G LEYLLL €7 RLE QR al ned by
as to obtain multilayer circuitries, the final surface
10 obtained serving as substrate.

The circuitries obtained according to the
process described above suffer from poor planarity,
which is to the detriment of their precision. This
drawback is due to swelling phenomena in the

15 photoresist in contact with solutions used for various
treatments, such as the activation of the catalyst or
the metallization. It may also be due to too great a
superposition of layers.

The invention provides an improved process

20 for fabricating a circuitry, making it possible in
particular to achieve better planarity. The process
also has the advantage of being more reliable, by
reducing the amount of circuitry that would be
off-specification as a result of imprecisions in the

25 superposition of the layers and in the positioning of
the microvias.

For this purpose, the invention provides a

process for fabricating a multilevel interconnect



| ayers and/or deposits of

parts.

| ayers of materials of different types on defined
Thus, netal tracks, netal mcrovias and, possibly, netal pads,

separated in 25 places and supported by layers of an insulating material,
are obtained. The tracks, mcrovias and pads form an interconnect
5 The tracks are circuitry parts positioned on the surface of
an insulating material. They are generally in the formof |ines of smal
The circuitries according to the invention 5 conprise several

circuitry |evedsit Backopf Latihid Ym €VE| t £0¢ K £SPoNdsi ¢ vovi £o9Nbi nati on of

circuitry.
t hi ckness.

tracks on the surface of an insulating material.
t her ef ore sepasat €thdytlee | Byrrowind nstepd | Higr et @dual ng wat hl eesal

The circuitry levels are
10

connection areas between the | evels. These netal connections between two or

nore | evel screeeleadl ed m crovi as.

Such structures and such terns are known

to those skilled in the art. The manufacture of the circuitry, for at 15

| east one of the |evelks, feonprdsean sa epabalraty kavdirg, with renoval

of the

second layer for this level. According to the invention, the |ayers of
i nsul at i hg MRtk brakkpaand/ o pPaeert i Y et ikl zakbhsPattvfofnsul ati ng

phot oresi st contai ping a cggpound 20 capapl e of jnduci ng subsequent

metal | i zatibth® THFs2faye?

2l 2T HRt ¥R &t IRBPRORREE S 8F ovi as

provi di ng netal connection between tqﬁ | evel s #hroq&h t.his | ayer are
bosi t 1 oned GYT bR vhera PRITE GIPTRES 177 stP Uy HIC HAVRS FReT T enoved by
bei ng irraqﬁéﬁéﬁhfggkf§h96V6|ODEd' They are often referred to as

"phot ovi as"

ring s

ep a), a first layer of photoresist is formed on the

surface of a substratg haying feigl!iz@biSy&nelOfg PoientiAld y1aptal | i zabl e

parts.
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so as to selectively expose metallizable and/or
potentially metallizable parts of the substrate;

c) forming, by metallization, metal tracks
and microvias on the surface of the first layer of
insulating photoresist and of the parts exposed in step
b), with the use of a second layer of photoresist
forming selective protection:
characterized in that

the process comprises, for producing the
level in question, a step during which the second layer
of photoresist is removed.

The circuitries are obtained by forming
layers and/or deposits of layers of materials of
different types on defined parts. Thus, metal tracks,
metal microvias and, possibly, metal pads, separated in
places and supported by layers of an insulating
material, are obtained.

The tracks, microvias and pads form an

interconnect circuitry.



6 The expression "potentially netallizable surface" is understood to nean a
surface part which cannot be directly netallized electrolytically and/or

el ectrochem cal ly, but which can be netallized after it 5 has undergone a
suitable treatnment. For exanple, it may be a surface part of an insulating,
phot osensitive or non-photosensitive, Ekesist containing a conpound capabl e
of inducing subsequent netallization. In particular, it my be a |ayer part
havi ng served as a 10 first |ayer of insulating phot oresi st during the

production of a |overrhgvetacilbeaLxpeeschPPry Bapts i gabl eisnEhagg part” is
understood to nean a surface which can be dlrectly metal | i zed

el ectrol ytigw | yuahgdéoroe! est insheat Lnd | watdbi&Dr ExeypPiee it may be a
netal part, for exanple tracks, pads or mcrovias on the surface of the
substrate. Jémetahtksimnthei foovwi af hiees$ oo fresindl/l nebhatknesasi on on t he
surface of the first |ayer of 20 photoresist and of those parts of the
substrate which are eXposeidrduitnygestapcoydimhetoretiae¢ pavestiornned on the
surface of the parts exposed during step b) correspond to the mcrovias. To
form t hedt reg@RRrhpel PeEebHY] agirgel ey Yevebsprotection i s obtained by the

use of a second | ayer_of photoresist. The processes for form ng netal
i nterconnects with se?%%?lQér%?bFEEt}%ﬁe%yc%F¥%§%9n%$ Photoresi st are known

toth ki l d th ti | t b d f th
battern.t %'%%55&%5%%%e%ﬁdtfﬂ%%a% BLS S e R R IR OE AR 0o e

d h II h f f
Tayer of pHOTbresrat Ta naket T TErE TR PR Retptu R ErRtat Aa 11 the
sai d resisty, capabl e, of ¢i i n and possibly by a
2Py Er Iaf ?H&?%%Q%&;b;ﬁ%ﬂé&eﬁl ”‘3&%111 fétd P

sui tabl e tre%tnen pri or I zati oh ccording to the invention,
the laygs OfodQePPOLRT£5LSS ﬁé@&@é‘x@' tRyelepl1 PhobREES BEdaiSEd T O form the

sel ective protection is renoved during the process.
connections between two or more levels are called

microvias. Such structures and such terms are known to
those skilled in the art.
The manufacture of the circuitry, for at
15 least one of the levels, comprises steps a), b) and c),
with removal of the second layer for this level.
According to the invention, the layers of
insulating material separating the circuitry levels
consist of insulating photoresist containing a compound
20 capable of inducing subsequent metallization. This
layer is called the “first layer”. The microvias
providing metal connection between the levels through
this layer are positioned at points where parts of the
first layer have been removed by being irradiated and
25 developed. They are often referred to as “photovias”.
During step a), a first layer of photoresist
is formed on the surface of a substrate having

metallizable and/or potentially metallizable parts.



Renmovi ng the second | ayer of photoresist, for an internediate circuitry

| evel , inproves the planarity. The expression "internediate level" is 15

understood to nean a | evel which is not the |ast one and will be used as

| ower | evel when form ng an upper layer. It also | eaves available, on

certain parts, a surface of insul atinggphotoresist containing a conpound

capabl e of inducing subsequent netallization. Should 20 there be any

i npreci sion when fabricating an upper circuitry | evel or when positioning

the mcrovias, the neti|ézgié o5 and et OIAELY afettd1 Bi £OHIACt renain

possi ble with very good cohesion, sonething which is not the case if the

second | ayesuof addrot Ds esnéédr s Soddt t @ Tme ey esha r fldvee spst natt ciimy be a | ower

circuitry |l evel produced according to the process of the invention, or

accordi ng tcaranot hes @giveetsby métdhbl sehseYedterokbytaicaBly oaawed/crrcuitry

| evel produced according to the process of the invention, the netallizable

parts are creuireoghemicalby, thiet |wwerh |eaelbe imetpaklized aafofrthle tracks

and/or mcrovias, and the potentially nmetallizable 5 parts are

non- met a? | &Y pedesIne theSyitaRle ayrgatgrenths UK i HRR or ESi®2Y used when

produci ng the lower |evel. The_substrate nay also be a printed circuit

havi ng one ¥ doferfaseIRabh %fr?@i%P%ﬁl§W¥gbiﬂQPQEP§ ¥1Ve pd%Esibly with

conducti ng vias. regards the supports, this may, for exanple, be an

1] eot | oo GRS TR R Ty et BT LT C TRt EUME 4 HRRTAAI convent | onal

n the fieldofppriofefh &G0 oM o MEMILAD TBY, e Jmde,, f of exampl e, of

epoxy/ gl ass=T1ibre 1 suppor%s. PHRY Be d dierectTic hateli al conprising a

web of non- i by es. or er,ql ' ' tric,resist. The
gi‘cxﬁ DE €S; 0T 2, PAPES lé%%t)?}%uﬁ &¢h W %P\%%& a4 Ca

presence of t web ‘or ‘paper” ensures niformt e therma

expansi pf cpefdd f:j.@yné]? &FE§§u1£9i£@r§1ia&%§ééys@dd@ﬂﬁ@ewéI y, the support

is a web consisting of non-woven aramd (a commercial aromatic pol yam de)
fibres preipps@oreied o th BowePOKyvERsi st, wWith a polyinmide resist or with
a blend of these resists. Better still, these aramd fibres (which 25 are
preferably neta-aramThéidxesespbsm-aiara l f2disls ourBace xpawe” ofssuch
fibres) are preinpregnated with a functionalized pol yam dei m de
(functi onal urzdelr i ¢dd heatmeamss | swkbdhte wierh cadn e td)redhl g 9
functionalization may be achi eved with double bonds or with mal ei m de
groups suclmesal hbzed del¢eletol it paakhy &R (oB3BL B56r eehersi gabpy. 900.
Advant ageousl y, the web conprises 35 to 60% by weight, preferably from 44
to 5 55b° byFdki YFAMRKRY bEE tBRY ¢ 13 Mekrd MR SERK SXamREMt, for exanple
470 by weight, of dielectric resist. By way of exanple, the thickness of
the web varteRCHRt vRRFS 19F dRHCERY 1415 %er‘/e’i‘}é‘%/a%? et vﬁé]gntki% and 10 50 um and
better stilhlbeéyggn 20 and 40 um |In general, its grammage varies between
10 and 50 d7#§3and Petter still between 15 and 40 g/n2. It should be
poi nted out that the fﬁéCHféék§sa8§t£Q£%§b{?%F eF¥§§ﬁg§ cording to the
ot h sides.

invention may 15 be produced on one or rrng step a), a first

layer of ingii ol NgsPIOL 05eSEne 4SrfQELBYE 0@ BUPSE TRl far THe First layer
of insulating photoresist contains a conpound capabl e of 1 nducing

subsequemt HbiBteslszadn@nof FERdSs abdyts ho s €RaPShiSes: Peé thgles of a netal
oxi de. The netal oxide is chosen fromCu, Co, C, N, Pb, Sb and Sn oxi des

and m xt ur esré hexpoded Mstinarsteplay | yTheupsttas paite £a2fed sopr ef erred.
The photoresist may al so contain inert nonconducting
the surface of the parts exposed during step b)
correspond to the microvias.
To form the tracks and microvias, selective
25 protection is obtained by the use of a second layer of
photoresist. The processes for forming metal

interconnects with selective protection by a layer of

photoresist are known to those skilled in the art. In



25 fillers. Wth regard to the netal oxide, this nust be in the form of
smal | -si zed particles; the particle size is generally between 0.1 and 5 um
10 The photoresist may be chosen from negative or positive photoresists.
Advant ageously, it is applied to the substrate or to the lower circuitry

l evel in the formof a solution in a sohvent and/or in the formof 5 an
uncrossl i nked stage-A fluid. By way of exanple of a photoresist, nention
may be nmade of the PROBI MER range sold by Vantico. The conpound capabl e of
i nduci ng subsaquienil B! ahdrZadr Gy Dd Mddd Nef Mt ipddicad,dat o these
photoresi sts before the layer is forned. 10 The thickness of the

phot or esi st procaaded haid ey pdree sufypecipprdcd 9rsa atlrorchetpwsredsvo | ayers
of conducting material. Advantageously, it is less than 100 um for exanple
bet ween 10 awtRMWimg v effer alblwerdstamee it O reertch MI0L 2eh i ctheorditgleect ri ¢
permttivity of 15 the layer is advantageously |ess than 5. The conpound
capabl e of ipfdufcd mef silisselueatt lestert 19z fiahipdesigted & angstduce a

metal lization after a treatnment, for exanple by a treatnment resulting in
the formati APTTiRlesdy Hhe .CW%%nt@&mnﬁféﬂ-fbet% kel M3isthe

descri bed bel ow. During, ste _2%, the first layer. of resist is irradiated
and then deVE@RARE %p‘é’ﬁﬁ%‘?ﬁd‘ P YIRE N dede ke o st - positive
or negative - the pants renoved during .the devel oping eration are the 25
i rradi at ed ooroﬁfrﬁ'ei’rlryad?yataeas“b’atrat € THS ft iR 9 Y idi ati ng and of
devel opi ng I photoresist, so as to expose parts of subjacent

| ayers, are%ﬁﬁ§g?%%?%ﬂ%§é skilled 11 in the art. Two techni ques known

fromthe art are perfqgégyrosiq{ia\gj &hel NG Jd St rF,OSrl:?{itlsagjé} iggadiating the
e mask. e seco

| ayer of photoresist using a predeterm ne T nd technique is

the so-cal | gthdddrddaner (dddard 14RY P griidiasdongid ad ghpsure of

the photoresist. This technique is advantageous fromthe econom c
st andpoi nt simcediledtOtfe HotdaRUidE & daifre) drilmgasie ging to

this second techni que, the photoresist is selectively irradiated, pixel by
pi xel , by a | aser beamaeannGidessisriddayeir dfe phedeedgist copdred W th
phot or esi st.
an intermediate circuitry level, improves the
planarity. The expression “intermediate level” 1is
15 understood to mean a level which is not the last one
and will be used as lower level when forming an upper
layer. It also leaves available, on certain parts, a
surface of insulating photoresist containing a compound
capable of inducing subsequent metallization. Should
20 there be any imprecision when fabricating an upper
circuitry level or when positioning the microvias, the
metallization and the formation of a contact remain
possible with very good cohesion, something which is
not the case if the second layer of photoresist is not
25 removed.
The substrate may be a lower circuitry level

produced according to the process of the invention, or

according to another process. If the substrate is a



15 The solubilizable parts of the resist are then renoved in the sane way
as in the conventional technique using positive and negative photoresists.
To i nplenent this second technique, two types of |aser are, for exanple,
suitable: a laser operating 20 in the infrared (thermal LD) and a UV | aser
operating in the 330-370 nm wavel ength gange (UV-LDI). Step c) itself
conpri ses several steps. There are several ways of inplenenting step c),
corresponding to different sequences of steps. Three sequences 25
correspondi ngyke dittanery pavkicpragudebhadecelingPkeneRbabrekewsl | be
expl ai ned below. During step c), a second | ayer of photoresist is used.
Advant ageouskythkhenseaendnl ayge fle€alletabléZpaeiktabfeaci@apatmg capabl e
of inducing subsequent netallization. The resist for the second | ayer may
be chosen fpantpositt thie dpweegakewee,phot paesisudarThé kagetraaks5 be forned
by application in the formof a solution in a solvent and/or in the form of
an uncr ossl knRédrsmageonifibui dndBgheapobentiamplyemetailiesbde, nention may
be made of the PROBI MER range sold by Vantico. The | ayers of photoresists,
particul arl parke agef ppsrmehelliapdi partdectwkBeefapptoprvateofot her
nonconducti ng and inert conpounds, such as pulverulent mneral fillers.
These may bélSpéptéRgnphetogssdstintesfhRsPePEaPEFeNEs thehdopyrEsence of
such fiIIer?, g rticularly in the first layer, may inprove the 15 cohesion
of the metaft®V ?ers formed and inprove their adhesion. The particle size of
the fillers is chosen e, wth the, process of applying

t b ti
the resists. During s?é% %;Psgﬁggggggﬁgah 9ePei§ EﬁlPFgngéfgﬁl&nd t hen
d I d t ai f_t fi d/ f th
Gubetrate ahaPipbopRERBReneell 20eRETLR & rifta bE o BB Ol S ont

layer hasg bgaaneeve osIQ%l?abEEﬁ ebnhlle+ $xB0$edsPARLS rBBY r¥ar ¥ndependi ng
on the particular nethods of 25 inplenentation that are GOsed. Mt hods of

inplenentatEgPpw&tE,behdgsméybe@obebﬁ&mpE@c B¥agnl enjkebtibg-case of a first
met hod of inplenmentation, certain parts of the first |ayer and the parts
exposed durmaglakdpihpudbtihg matdrsabsbrabecampoexpesmdtamdali n t he case
of other nethods of inplenentation, certain parts of a nmetal |ayer forned
over the entpneestibaeé dh the fiedtl bdypriatedexposedtsbDedending on the
nature of the photoresist 5 positive or negative - the parts renoved
during the wevebepmede,oferackenpiee pliceppradodaed-6ibumirradi ated parts.
The irradi ation and devel opnent of the second | ayer of photoresist may be
carri edléut SUBPRE§tERe ItoMAYt REd3 déséerbedct Batekdali FSRMPragaéndof

phot oresi st. The _tracks and g&grovias are formed by netallization over all

or part of ¥GPf8EeBCORaFOPFBt 6LPEGSHYTt RePERESNIIMRYEPNBE FhBLsPesi st

ei ther bef opg the gt gL bas R ARRLLRA.OLrALher 86" b Baper

ensures good uniformity of the thermal expansion
coefficients (TECs).

20 Particularly advantageously, the support is a
web consisting of non-woven aramid (a commercial
aromatic polyamide) fibres preimpregnated with an epoxy
resist, with a polyimide resist or with a blend of
these resists. Better still, these aramid fibres (which

25 are preferably meta-aramid fibres, para-aramid fibres
or a mixture of such fibres) are preimpregnated with a
functionalized polyamideimide (functionalized with

heat-crosslinkable chemical units). This



15 parts of the |latter have been renoved. The netallization may be carried
out electrochemcally (electrolessly) and/or electrochemcally (wth a
current). The latter process is nore particularly preferred as it is nore
rapid. In addition, it my be 20 carried out in acid nedium thereby
preventing the photosensitive layers fpomswelling and thus inproving the
positioning precision for the various irradiation and devel opnent steps and
inmproving the reliability and longevity of the circuitries. For

el ectrol ytifust idi&llzzeiovmay be ackvieageoitsh tdowpes abendd tbri ncreasi ng
current. The netal is preferably copper. Electrochem cal (electroless)

net al | i zat ivahth snaal éiroivie t @coup sjuepcivashtheseledefited im patldnt

"Encycl opedi a of Pol yner Science and Technol ogy, 1968, Vol. 8, 658-61".

Li kewi se, tBR @ 226r2b§tor Btdl $27a200n, Adwintageeus tentihe swab
conventional technique also 5 described in Encyclopedia of Polynmer Science
[l acuna], ppRPMBBISS3. 3Ackdred hgeY oval Pkt iRigEer3b by ef eom et N8 hod of
inplementing the invention, the netalljzation, whether electrochem cal or

el ectrol ytie % ikY comInbeRPAPentsy ot hkt af 1oy #2VF%%H BYt hi ckness of at

|l east 5 um preferaply a thickness of between 10 and 20 um is obtai ned.
Step c) corf”b&r S g%%a%ﬁb%ﬁ%sfiﬁwow%lﬁ%’ ncé}[)acﬁg]z%ﬁ%‘? a step of
formng a suéjslfgter capabl e of 15 being netallized. Such a sublayer is
formed on the sUrface of the first | ayer of photoresist, or on the surface

of exposed parts of t foé}r/séflé‘iyd?fﬁnpf\ért htlﬁ@'*&‘ffék’r‘?e%%@ﬁﬁ@%éﬁ t he ot her

parts by the second | ayer.” Depen g on the case, the sublayers forned are

20 conti nuoysy OXs GhSEREA NUOUSH @M MY, W r dBYr 9ty DS thid&et1y syt abl e for
el ectrolytic netallization. On the other hand, they are always suitable for

el ectrochemgalm i@l bédzedt ok il ddtwe RSB 4@ €0 ehy ochem cal deposition
of nmetal is catalysed by the 25 sublayer, and the netallization is
equi val ent to those ushngematdpdi e ofryhmdgeaurar Jow bethests D6 producti on
for obtaining a sublayer capable of being netallized are preferred. 15
Accordi ng tand 30 r@tm‘)r/retmbdbea:fthr adudilngpettheesulilSayerd, 4tthey /ednpound capabl e
of inducing subsequent netallization is chosen fromthe above nentioned
met al oxi des and t he Bubthkgeldike frohudedyolt ithpthgtheheciregitSieayer or
exposed parts of the first layer into contact with a solution of a salt of
a nobl e net@PtEHpBIRY oFROPIRCI LU RSP I KI e P tivYRtigRMay this
st ep, o]tqger | ayers may be brou((jg into contact with the solution. The

S

ht (
| atter FPUEFU Ao orPe Hese Sther | ayers. Thus, a continuous
subl ayer of noble nmetal is formed on the ex ed su%%ace of the first
| ayer. The [l acuna] r@éf%??vﬂ@po?)'thae EW@S@?Y?E t W A6 %nd 103
S2/0. It ispk%fc@ﬁ%?ﬂiy 1§s§ frp%ﬁ‘ 403 Sgé~ tgl'&e? all ows 15 el ectrochem cal
[ 0 dou : Efera%? h

metal | i zati‘on e carrie pre y W increasing current. It

shoul d be pointed outrhy waysof1dpdi caki onsthat; e pohesi onsof the

subl ayer inproves as the concentration of oxide particles Increases. 20 As

preferred sebnitd oNs Hfconbdbendeiabaised tSs IMNid iy NBYbHequdge of Au, Ag,
Rh, Pd, Cs, Ir and Pt salt solutions with a counterion chosen from Cl1-,

NO- 3 anzl CHI0WL 1 1 Fdei sont Bed £ agalpl Y Celsts NBymbel & rpLet Dl e HYo £li Hpi ng into
the solution, by spraying or by the 25 passage of a roller. The sol ution of
nobl e net almeszdl oxidea. gEnermetaliokide wid hclaogph of rdret@ueenc®, SCand 3. 5,
preferably between 1.5 and 2.5. The pH may be controlled by addi ng acid.
Thi s treat feht Pl a8 gand Sn oxides and mixtures thereof. Most

particularly, cuprous oxide Cu,0 is preferred. The

photoresist may also contain inert nonconducting

25 fillers.
With regard to the metal oxide, this must be

in the form of small-sized particles; the particle size

is generally between 0.1 and 5 pm.



16 nmedium furthernore nakes it possible to limt the swelling of the resist
| ayers, which takes place in basic nmedium Excellent definition and
excellent planarity are therefore obtained using this first 5 method of
producing the circuitries. It should be nentioned that the treatnent with
an acid solution of noble netal salts pgy be preceded by rinsing with an
acid solution, for exanple with acetic acid, if the first |ayer of
phot or esi st contai ns cal cium carbonate 10 particles. This rinsing nmakes it
possible to increase the paugbresssefmhhepsuchasen Ehemcakghumyear bonate
particles present on the surface being dissolved, and thus to inprove the
adhesi on of othpopetatef phosorésistbe Adwvshtagtbodlef forisngpalsedl ayer, 15
the netal oxide particles are preferably chosen from MO, N O Cu20 and Sn0O
and are preterabkysubataahedorntbhehéi tewekagércuntay aewamt iof tBe5- 90% by
wei ght, even nore preferably in an anmount of 10-30% The preferred netal

oxi de i s cuppousobxedeolugdonAinaat agévastyandher20nsbhat Eonmcofit ai ns at

| east 10-5 nol/ 1, preferably between 0.0005 and 0.005 nol/1, of noble netal
salt. A eondéhnubgscsabinyjes stadebRefhvidl BrvVAY aft AKERARLSsOEf 2l ess t han
1 umis obtajned. The subl ayer obtained exhibits excellent uniformty,

t her eby iinBQFﬂﬁthét25maﬁgFPPym6Y PRemeefngtt FRRsPRBBLMABTareer

AiB 3 (HAUBPS RIS CHRIG S of ORRSETS, SaProLs Eot BRRCIEHI ver ”E‘Sﬁé;éét e
%2 areo. Fadpauchs EERYL L3RR e " 08 R g Bo1 gy SR - fgtias ™ o100 Rn
65019, 0oc 3 Coll's SHBBO D616 S PR3 AFB0 " 1765, T CPB o oo, Pt Bro,
FOPL CLO16HR0, PLOI9, §h6 8 Blonk 309 £ 20 dHaR 808 L of 0PI Zh 1 2pagnd

1
correspondi ng conpl exes such as NaAud 9, (NH9 ) PdC 9 (NH4 ) 2 Pdd 6, K2

PdCl 6 or KAgktkBe Tbesgeblayentobhaingdibs Bathikéen! ekbyiwpblsl@rsuited to
el ectrolytic netallization. For exanple, electrolytic netallization with an

i ncreasi ng conhdeotingymheensel. Abeahoagadbusbypfithéssubkayehani thin the
context of the first nethod nmay especially conprise the 15 foll ow ng
operations: 100epppstioe ekampéenbetiveeori 4@ padt £€l es, coneéenedliyn the first
| ayer of photoresist. This operation is grefefably carried out by alkaline
et chi ng (fobekxanpl é0usndg48 BBdi Thehgdeskraeierppomatsiviat200hRydr oxi de
solution i n aqueous/al cohalic nediu and then rinsing with water, possibly
in an 15 the layer is advantageously less than 5.
The compound capable of inducing subsequent
metallization is used to produce a metallization after
a treatment, for example by a treatment resulting in
the formation of a sublayer. Treatments that can be
20 used will be described below.
During step b), the first layer of resist is
irradiated and then developed. Depending on the nature
of the photoresist - positive or negative - the parts
removed during the developing operation are the
25 irradiated or unirradiated parts.
The operations of irradiating and of

developing a layer of photoresist, so as to expose

parts of subjacent layers, are known to those skilled



ultrasonic bath, so as to renove the oxide particles exposed; - if the
first layer of photoresist contains inert 25 fillers, such as cal cium
carbonate fillers, the surface is nade slightly rough by acid etching. This
operation is preferably separate fromthe operation of form ng the netal
subl ayer; 18 - form ng a continuous yetal sublayer of noble netal by
contacting with an aqueous, acid solution of a noble netal salt. By way of
indication, it should be nentioned that the sublayer obtained is 5

general |y a fmoNQatong ¢ @y ef e ShitQud ek bk ef Fdth &l hAC4 St agra barrier to
continuation of the oxidation-reduction reaction. The |ayer is continuous

as sone of gdhereetny oxitgoparticles rel ease ions by dissolution. These
ions react in 10 aqueous nediumwi th the noble netal salt, reducing this
metal, which is deposThedfitduscénsistng imelrrdediatpargitthe Bappees. The
reaction is all the nore effective and econom c the nore confined the
agueous nobte petadresl st meslingn a Foreddisrmbasdmadls. it is preferred to
carry out the reaction in a thin layer, that is to say by imersion in the
sol uti on®cont ai ni ng thee npdtendetethritve bndthe semeykled BRIsoon as
possi bl e afterwards, The reaction then takes place in the agueous sol ution
20 | ayer entlkageedPivedt t Headbjekt teFrbieR nfPE (i aekt ditP Rt FR I bf

produci ng the subl ayer, the conpound capabl e of inducing subsequent
met al | i zat i G iRPRHYER# $¥om t he abovenentioned metal oxi des and the

subl ayer is fornmed by,bringi the first 25 layer or_exposed parts of the
first layer into cont%}&svf?‘ﬁ S FEutT n%d‘é%fé%?a/%%"b%b#%o‘gft ®duci ng the

oxide partigl&son; c 19 IMEASE N Bn sl ef, QLTI AVELSuIRY D DY OMON

10 of a mask.

According to this second technique, the
photoresist is selectively irradiated, pixel by pixel,
by a laser beam scanning the surface of the dielectric
coated with photoresist.

15 The solubilizable parts of the resist are
then removed in the same way as in the conventional
technique using positive and negative photoresists.

To implement this second technique, two types
of laser are, for example, suitable: a laser operating

20 1in the infrared (thermal LDI) and a UV laser operating
in the 330-370 nm wavelength range (UV-LDI).

Step c) itself comprises several steps. There
are several ways of implementing step c), corresponding
to different sequences of steps. Three sequences

25 corresponding to different particular methods of
implementation will be explained below.

During step c), a second layer of photoresist

is used. Advantageously, the second layer does not



into contact with the reduci ng agent, this having no useful action on them
Thus, a sublayer of reduced and conducting formis fornmed on the surface of
the first 5 layer fromthe netal oxide. Wthin the context of the second
met hod of form ng the sublayer, the preferred netal oxide is cuprous oxide
Cu20. According to this nethod, the fijpst |ayer advantageously contains
from1l0 to 90% 10 preferably from25 to 90% by weight of netal oxide. In
an alternative form it contains |ess than 10% cuprous oxi de. Dependi ng on
the case, the sl ayFonlyurRd daggmrgldwqufdwn@ SHipydquis, and has a
surface resistivity of between 0.01 and 106 SZ/~. 15 The surface
resistivitywddmtl idatiopossi ble to achieve in the subl ayer depends on the
conposition of the first |ayer of photoresist. It should be pointed out by
way of indication thathd heeigdtesicaan tife tdeccubllaperr insabaid exthdden hi gher

t he concentration of 20 oxide particles. Wen the first |ayer of

phot or esi stf momgpicstis iofe fommekhattiored @Whdiho nes ighits .ofTheetladyeaxindg, from 0 to
50% by wei ght of one or nore inert and nonconducting fillers; and from ZO
to 90% By s dimrmsfd duf el m eyl sin thee fagual en 9l Wdvaihtiayedusl y
continued until a surface resistivity of 0.01 to 103 S2/0 is obtained. In
general, a SOMIHUARS/ Qb drhe SO Ahéd U Tiiniad @it the surface

resistivities reached nake 20 it possible in particular to use direct
el ectrol yt [ sl -alfY HaY G GHATRIS U & oS Ft SR TA%AS of yi i o

metal i zati on, wi th ,i.ncr | urrent y. he ed.. 5 When the first |ayer

of phot or edf3a4® coogr:sﬁ}ﬁ sﬁgfé AP 1?550%333(/\;?‘36}%1009' nmetal oxide; fromoO

to 50% by wei ght of e or i t Q n i.ng.fild.ers;. and from
%K)%#§§§335KH o JYH (ngﬂfghl%%} the

50 to 90% by weight o resist, e Teddctloni's advant ageousl y

conti nugg %gétthé&sef}bﬁ%{ ?lqﬁ:al; 'stdh\cﬁgé/ a%f;ﬁ% igg@n &6 ,S2/ ~ i's obtained.

In this case, e dve scontinuities.” The continuous or

di sconti nuglsh S el 2 aldaovs s, Afudhe s yhseauante et al
deposit while still bei'ng conpletely conpatible with it. 15 Mre

speci fi cal Ipinddils StEpe el rhdse ingy axs ther adhagle, ddaldiunsubsequent
netal deposit, while preventing any break in the electrical conduction

Wi t hi n t he aextladrld tze pant@sclelhe Tror mate semad dtheswsatbl faylerend t hin t he 20
context of the second nethod may especially conprise the foll ows steps: -
exposur e ofpatsl qretad loxirdetprartind teslayan aimead inpradwe filrsst | ayer of
photoresist. This operation is preferably carried out by al kaline etching
(for 25 %exapdlesimt mf dih\ﬁ)dﬁ%ﬁlhﬁeﬂm%eg/@m%t%i%mﬁ% dhiedier sol ution in
aqueous/ al coholic mediun) and then rinsing with water, possibly in an 21
ul trasoni ¢ FTHIE1YY ] PR tfﬁez%ﬁ%&kt?arﬁlilcllee%s exporpen §% the

first | ayerasOftcP 0et Ocroer%aséibcloentwait P éhneergrocess of applying the

resists.
During step c¢), the second layer is

20 irradiated and then developed so as to expose certain
parts of the first layer and/or of the substrate and/or
of certain metal layer parts formed before the second
layer has been formed. The nature of the exposed parts
may vary depending on the particular methods of

25 implementation that are used. Methods of implementation
will be described below. For example, in the case of a
first method of implementation, certain parts of the

first layer and the parts exposed during step b) of the



fillers, such as calciumcarbonate fillers, the 5 surface is made slightly
rough by acid etching. This operation is preferably separate fromthe
operation of formng the netal sublayer; - formation of a netal sublayer by
contacting with an aqueous solution containing a reducing agent. 10 The
subl ayer is preferably formed as a thiyglayer, by inmmersion in an aqueous
sol ution containing the reducing agent, and i medi ate renoval, according to
a principle simlar to that described above. By way of indication, it

shoul d be poivderadd Mé dnsdsededndheinetid exddlecf SothéH PhdtiSo@xi de, part
of the copper is reduced to the CuH state, in which state the copper acts

as a catal ysf implémentat iat) oveofaimepsthd ayfra métdhergyeés excess CuH,
this is slowy converted into copper netal at roomtenperature, the 20
hydr ogen difdumsedgoter ttiee centside. siefaad tef , thdef resehapenfatdi s
transient hydride will not be nmentioned further and reference will sinply
be nmade to expesed .- | RBsrendimg opnicthe onatwry olitthedieoheuresbiit a person 25
skilled in the art may sel ect any one of the reduci ng agents capabl e of
reduci ng® t Heo st BYe oxF deegat hee at  Bte dxa ot | pemaYed edwring 2bhechi eving t he
desired resistivity values during this step wi]l depend, on the one hand,
on the propdtYFHrRMeRHY PPEIMEe PAIIFR Wet%ma&ﬁe%x%e contained in the

pol ymer matri x fornlqg the dielectric 5 and, on the other hand, on the
extent of t¥RITEIERTERA RAFFFed out, especially on the type of reducing

agent used and the prigr sELLBDLNG,SCERs dG NBNGS. Of (g, TELAlbayer

deposited varies dependi ng on e o0 agent "used and 10 on the

nature of the dPtar SRbEs-L0;Be A8UEkarlFrod g d0ify PRt erred method of
npl ement i ng e
10 methods described for the first layer of photoresist.
The tracks and microvias are formed by

metallization over all or part of surfaces not
protected by the second layer of photoresist, either
before the latter has been applied or after certain

15 parts of the latter have been removed. The
metallization may be carried out electrochemically
(electrolessly) and/or electrochemically (with a
current). The latter process is more particularly
preferred as it is more rapid. In addition, it may be

20 carried out in acid medium, thereby preventing the
photosensitive layers from swelling and thus improving
the positioning precision for the various irradiation
and development steps and improving the reliability and
longevity of the circuitries. For electrolytic

25 metallization it is advantageous to operate with
increasing current. The metal is preferably copper.

Electrochemical (electroless) metallization

is a known technique, which is described in



i nvention, the reducing agent is a borohydride. The action of borohydrides
when the netal oxide is a cuprous oxide is described nore specifically 15
bel ow. Cu20 is reduced to netallic copper by the action of a borohydride.
By using this type of reducing agent, the |ayer forned on the surface of
the dielectric is a 20 continuous or dijgconti nuous netal |ayer of copper.
The borohydrides that can be used include substituted borohydrides as well
as unsubstituted borohydrides. Substituted borohydrides in which at nost
three hydr ogem@tampedfid her g igte drife e e A geplasg, with
substituents which are inert under the reduction conditions, such as for
exanpl e witlvad .kyd, rexdi-el’s, aryl radicals and al koxy radicals, may be
used. Preferably, alkaline borohydrides are used in 23 which the al kaline
part consists of sodi Wwnkawiss,asicumlebuclait iex amgiladsl iofa tciempounds t hat
are suitable are: sodi um borohydri de, potassium borohydride, sodium

di et hyl bor ohydrtinde angygsottas sisura Samigpisroriddortsigidriiqie alle® r educi ng
treatment is carried out sinply by bringing the dielectric surface into
contact Wit egagdihad om dnavr apadiey f de imetatSariancy nl laqunalure of

wat er and of an inert_ polar solvent such as, for 10 exanple, a | ower
aliphatic alPEoh&1el M®f erence is given to purely borohydride solutions. The
concentration of these solufions may vary over wide limts and.it
preferably |ies betwe W@%%ol%y(p&f U 1ot pécetﬁe\}:ererﬂ/&}%d'@? of the 15
bor ohydri de oifn 1 h%hsoII,H:t.i on),....The r ulcoinng Lreat ment, .may .l%% carried out at

hi gh terrperaturlt-lf}p eénv\e/evelrn,g itthel s B’ree erred tthée 5 S0 a8 erfper ature cl ose

t t t v : t C. Wt toth
0 T 00m t enpRIALIe. [l AXA e leen LB AN A0C W hfiagaih L0 the

execution of e reaction, I It gives rise to

B(OH) 3 and tQ G d oRshavhigh havs, ithe Litfackidsd Rar easilng dthe pH of the

medi um during the reduction.” However,” at high pH val ues, for exanple

greater tham L&, the fele16f 4 edudindtd oeteased 130 420 tujBy be
advant ageous 25 to operate in a buffered mediumso as to have a wel | defi ned

reducti on radtse.oaivard.i ng mainly the treatnment tine, it is possible to
easily control the extent of the reduction.
Step c¢) comprises, advantageously before the
metallization, a step of forming a sublayer capable of
15 being metallized. Such a sublayer is formed on the
surface of the first layer of photoresist, or on the
surface of exposed parts of the first layer with
selective protection of the other parts by the second
layer. Depending on the case, the sublayers formed are
20 continuous or discontinuous and may or may not be
directly suitable for electrolytic metallization. On
the other hand, they are always suitable for
electrochemical metallization. In this case, the
electrochemical deposition of metal is catalysed by the
25 sublayer, and the metallization is equivalent to those
using palladium or platinum.

Two methods of production for obtaining a

sublayer capable of being metallized are preferred.



24 To obtain a surface resistivity corresponding to the desired val ues, the
treatnent tinme necessary is generally quite short and, depending on the
anounts of oxide included in the dielectric, is usually between 5 about one
m nute and about fifteen mnutes. For a given treatnent tinme, it is
possible to further vary the reductionisate by addi ng vari ous accel erators
to the medium such as for exanple boric acid, oxalic acid, citric acid,
tartaric acid or netal chlorides such as 10 cobalt(l1) chloride, nickel (I1)
chloride, manganese(| pcceidamigde card fGepRremelthb o RIfoprd@iuditng $Hal So
possible to vary the amobunt of borohydride used so as to control the extent
of the redustibdnyeh,préfee coagomper aapad 1kebifod neardingt $Subzebmeditppi Ng t he
substrate to be reduced into a relatively viscous borohydride solution and
then in w t hétadilngathens dlss tohatsen f romdéhet abaivlementtieneeduettiadn oper ati on
to take place in air. The amount of borohydride ions BH9- consuned depends
on the viscegides dnel Bhe obtlisyest dse fiogieds bivn ba inkgilngl &yer féirstthe
surface to be reduced. This process al so has the advantage of neither

cont ani nat i A§ YeHe OtnietPRIs SsaPR thdr odf thestdBisti 2aygy dntPheodtadt and
preci se condi,tions of the reduction by the borohydride are such as those 25
descr i bed | HiEp §25@§EFlHEWé&éP,Si tnﬁétab@°§&&e%§€égdCPH&PiGmOFhin t he
context of the invention, .only.a surface.part of the dielectric has to be
reduced. §l?ﬁerﬁ€P§FFi?gtpéﬁgeoﬁafﬁécéﬁﬁrayer are produced as nentioned

above. During the pro A f. t ircuitry.lLevel , the |ayer of
phot oresist is rennvegﬁ%%hggt%ﬁgrgﬁf§h %gbeg &ggggﬁrﬁgg g&t%gﬁu9gfious

steps dependiag eaykheiked 9k IBALRTRAL At an A The T Haval, My be carried

out by dissolving or stripping. The techniques of conpletely renoving a

| ayer ofjophokeregi sltabe khoWhesEN@thaOval eirs . easiugl, bf Johe iseeeRd | ayer
of 10 photoresist is not in an advanced state of cure. Preferably, it is in

the A-stagesdwniaper b nemlwametihe ipr Fgeemedmay ithel depodelr eat nent step
intended to place the first layer of insulating photoresist in an advanced
state of cuserfhee efamplee firsthéaBestaghe Thacuheat rest stay.ithowfexanpl e,
consist in a curing operation. It is preferably carried out after the
second | ayethef sphdageesiist beaweened OF candetl0’ TREk.r g4t fent gi ves t he
circuitries greater stability, particularly greater dinensional stability,
and thus 20rarEewsbiie lﬁlsécé%éﬁt 197 e/ 5 orf o s tdlelawe adi ati on and

devel opnent steps to be inproved. In addition, it limts the swelling
phenonenad i RLEREIPESEEES AN MESALddRZaMIOR tRePSOraEFdRE @¥Ed during the

various treatuents, The . pOGees oLe ;08" LLSULaL Y suifablg (o the

pointed out by way of indication that the cohesion of
the sublayer improves as the concentration of oxide
particles increases.

20 As preferred solutions of noble metal salts,
mention may be made of Au, Ag, Rh, Pd, Cs, Ir and Pt
salt solutions with a counterion chosen from Cl7, NO7;
and CH3COO . The contacting process may be carried out
by dipping into the solution, by spraying or by the

25 passage of a roller. The solution of noble metal salt
is in general acidic, with a pH of between 0.5 and 3.5,
preferably between 1.5 and 2.5. The pH may be

controlled by adding acid. This treatment in acid



25 production of printed circuits and of nmultilayer nodul es having a high
integration density. Further details and advantages of the invention wll
beconme nore clearly apparent in the 26 light of the particul ar nethods of
i npl ement ati on gi ven below. Mre specifically, three nethods of

i npl enentation are presented, these be%@g illustrated by figures show ng
schematic cross-sectional views of 5 the circuitries produced by a process
according to the invention at various steps in the process. Figures la) to
10) represeplqifi eLEeHbEhYra!nkRESVaE! gUS FheRStNI LhePERCess according
to the first nethod of inplenentation. 10 Figures 2a) to 2h) represent the

circuitry atybtheiMgrbeusnhst epsike 1 h9ePEOCREScACEAKkEENE1heet G second
nmet hod of inplenentation. Figures 3a) to 3i) represent the circuitry at the

vari ous stepssib hBEiMOCEEBeaCEALdHBEIhOtiBA bhdr gxdb1mehbod of

i npl enentation. Figures 4a) to 4c) represent a nultilevel circuitry at

vari ous steplahartihe precessrefocer dbngihedaubingt theshodret

i npl enentation, the process conprises the followi ng 20 steps: al) form ng,
on a substraethéflohapradgumaengl theablecpatrses02Iandhonlgobential ly

metal lizable parts, a first layer 103 of insulating photoresist containing
met al oxi demgBtpanefcrbat the bxpaempBfnyithosdenacigneobutden ¢f, N, Pb,
Sb and Sn oxides and m xtures thereof and, where appropriate, one or nore

ot her noncoR@béei R§tahdSphEst MpY| PerBrecededpby ripgdpdt FhghaAl devel opi ng
the first Iager so.as.to s IectiveIX exppse ne%alliza l e, nggor potentially
netal | i zabl 8 bﬂr?ngElPﬁe BBS?FQFB,eCW¥ ﬁo?ﬁ? 3¢ Bht hel?i £ layer and on
the 5 exposgd rts. of the ugstrate a sgcond | ayer 105 o% Rh t oresi st,

i ntended to- f5Fm $3V86t PocPRPBEEEELaR, CORF A ba oAt T 42 ABPREGRL ai ni ng
metal oxpde Q?EEE?FE?iTHEE k&ﬁ@?hgthQQe?”Qtd88§£9$589t5h§n8§899 | ayer 10
so as to seléctive y expose certarn parts of "the first |layer and certain

parts of thepsubstpahesseby £REMN9rgcsUbLAYCEL10TukaRaPhengtebel NY
nmetallized - eithef by comng into contact with a 15 solution of a noble

netal salt gapabteesfpbekaatr efduerd BMrEheemBEahgOxid8opakh| ChRE; - or by
comng into contact wth a reduci ng agent capabl e of reducing the 20 netal
oxi de particthes; tbl impkectr ohbeadhakiandbér thkeneétal yfitms.
For the first method of forming a sublayer,
15 the metal oxide particles are preferably chosen from
MnO, NiO, Cu;0 and SnO and are preferably contained in
the first layer in an amount of 2.5-90% by weight, even
more preferably in an amount of 10-30%. The preferred
metal oxide is cuprous oxide Cuz0. Advantageously, the
20 solution contains at least 107° mol/1, preferably
between 0.0005 and 0.005 mol/l, of noble metal salt. A
continuous sublayer of noble metal having a thickness
of less than 1 pm is obtained. The sublayer obtained
exhibits excellent uniformity, thereby improving the
25 qguality of the connections obtained after
metallization. By way of salts than can be used,

mention may be made of AuBrs (HAuBr,), AuCls (HAuCl,) or

Au,Cls, silver acetate, silver benzoate, AgBrOs;, AgClOy,



metal lization so as to deposit a netal |layer 108 on the exposed parts of
the first layer and of the substrate; 25 gl) renoval of the second | ayer of
photoresist. The first nmethod of inplenentation corresponds to
metal li zati on according to a pattern type process. 28 For the first

met hod of inplenentation, the second | ayer of photoresist is renoved at
step gl). Steps al) and bl) are in accordance with steps a) and b). The
conpound in the first layer of insulating 5 photoresist capable of inducing
subsequent iBHRM, 1 ZNAN_ e, So TeERRICIQXbAS Chasen -#,0Mm RH(NED), Q0N . Pb
and Sn oxides. Step'c) of formng tracks and mcrovias is a sequence of
steps conpr irsl, RgostLRANGD) , PAlEH@®ID) -, f Rh,apd, - 12116, The ways of carrying
out each step have been detail ed above. During the process according to the
first nmethoghefsompl-amenoat Ppaal, a pdal,0RHA0 10BISO, 2. PdSW4-2H.0,an i nsul ati ng
photoresist emerging in a netallizable part 102 and/or a potentially

nmet al | i zabl @dAEHREED) 2 LF@kare@siGl st ©pChs )3IHLur iOsgd 45t EpBUtY4HAehe sel ective
protection is obtained by producing a vias 106 in the region of the

phot ovi a 5104 r€32as1r6lex pbsee t B Bret aHiF Gl &Hg&wt PEEL.anBt6¥3produci ng a
via 107 in the region of a part of the first |ayer of photoresist. 20

During st ep P&(S0ah2 stHeOq FEACOS3abFé2ofandi GRFFRIRANILE is forned

according to one of the two t ho gi ven,. pref erabl he first one, with
the aid of REBPEEXRESaIS tassnﬁlr’i"l}ké’gﬁﬂnéﬁpﬂ)rﬁ Pdt thBMm,P Cheet &1 zat i on
i s produced, efera | ectrolytically. 25 Metal interconnects 109, which
w | | especigpggefSanéﬁggks and mcrovias, are obtained. In step gl), the

o e er of PDotongel i ed Tkt nllP 130 HeB RS O 1 Yehqw! 1Y

obt ai ned conpri ses: irst layer f photoresist; - parts of
tracks Lhl qfhthe 3 iACRo13e  etlaihdyeid ophi ¢l daghd,n contact with

the substrate; 5 - mcrovias O in contact wwth the substrate; - parts of

the tracks 1:129%d1RR isUiferGa 1afzathenf iith lady 8hcriedsGont aklr rérith t he
m crovia. 10 According to a second nethod of inplenentation, the process

conprises the old edag steps: a2) formng, on a substrate 201 having
netal lizable parts 202 and/or potentially
The formation of the sublayer within the
context of the first method may especially comprise the
15 following operations:

- exposure of the metal oxide particles contained in
the first layer of photoresist. This operation is
preferably carried out by alkaline etching (for
example using a sodium hydroxide or potassium

20 hydroxide solution in aqueous/alcoholic medium)
and then rinsing with water, possibly in an
ultrasonic bath, so as to remove the oxide
particles exposed;

- if the first layer of photoresist contains inert

25 fillers, such as calcium carbonate fillers, the
surface is made slightly rough by acid etching.

This operation is preferably separate from the

operation of forming the metal sublayer;



15 netal lizable parts, a first |layer 203 of insulating photoresist

contai ning netal oxide particles, the oxide being chosen from Cu, Co, Cr,
Ni, Pb, Sb and Sn oxi des and m xtures thereof and, where appropriate, one
or nore other nonconducting 20 and inert fillers; b2) irradiating and

devel oping the first layer so as to sglgectively expose netallizable and/or
potentially nmetallizable parts of the substrate; c2) formng a sublayer 205
capabl e of being 25 netallized on the surface of the first |ayer of

photor esi st_ and fQthr&ivhﬁ XRARG RS it IS BIRSIRISE nod® metidiher by

com ng into contac h a solution of a noble nmetal salt capable of being

reduced by the MRt lofPddeMAMiItH &h Aquedudly LM RblvHibEHR act wWith a
reduci ng agent capabl e of reducing the netal oxide particles; d2)

el ectrochem cal ryml/edometlagictg=altyt iRy Melyaldf Zaldivatiems #to depasit a net al

| ayer 206 10 on the first layer and on the exposed parts of the substrate;
e2) form ng on tdee meettdldnezxkd sur ftaee saukdegeyd dbenepeme2D A s0f phot or esi st

f2) irradiating and devel oping the second |ayer 15 so as to selectively
expose cdertain mrmneradfly lve mestadtdmyerlavg?) sigwasyithe e leetmdtdlayer from
the region of the parts exposed during step f2); h2) renoving the second

| ayer of photor @ésitst 2@ e B@orie mariddusit jafp| €tion corresponds to
nmetal lization according to a panel -type process. For the second nethod of

i npl enent at i on, PHELSIHFIHHLT L5t i St da¥&tovied in step h2). 25
Steps a2) and b2) are in accordance w th st a) .and b). .The conpound in
the first Iayer4§nqﬁﬂﬂﬂ¥ﬁi%ﬁ)ﬁﬁﬁﬁ(ﬂﬁ$#Qﬁ Wéﬂghﬂ%¥%déi9%ﬁﬂﬁ Subsequent
metallization is net al, oxi de chasen fr.om .Cr 31 N, Pb and Sn
oxi des. Step c) roefalefaosrerrilnognst(rjo césésr? ur'r:lrlcornd\c/:i% se%%s Y r]fss'ucrcee‘-%?stl on' of st eps

conpr i Slitpg St ep%cﬁl?e)cusd%)edi%) w1f1§‘) ’tkgez)no%l% rPf?e:)ta'l -gée.LtVYaX:Seoqjciir{H)l ementing
each step were
this metal, which is deposited, thus filling the
inter-particle spaces. The reaction is all the
more effective and economic the more confined the
aqueous noble metal salt medium. For this reason,
15 it is preferred to carry out the reaction in a
thin layer, that is to say by immersion in the
solution containing the noble metal salt, and to
remove it as soon as possible afterwards. The
reaction then takes place in the aqueous solution
20 layer entrained with the object.

According to a second method of producing the
sublayer, the compound capable of inducing subsequent
metallization is chosen from the abovementioned metal
oxides and the sublayer is formed by bringing the first

25 layer or exposed parts of the first layer into contact
with a reducing agent capable of reducing the oxide

particles.



5 explained in detail above. During the process according to the second

nmet hod of inplenentation, a photovia 204, i.e. a via in an insulating
photoresist enmerging in a netallizable part 202 and/or a potentially
netallizable part, is formed in step b2). During step c2), a layer 10 205
capabl e of being netallized is fornedqaver the entire avail able surface of
the first layer, according to one of the two given nethods, preferably the
first one, with the aid of noble netal salts in acid nmedium During step
d2), the netallizati gudimFaHiLEGtAy, idtndr AHRrd nBPtRE Hrowegi | nuous
metal |ayer 206 over the entire available surface. The netallization is
preferably igaHg icsthtatdt aliaq e/ tiehldihg adtit) redidimawg g step f2),

sel ective protection is obtained by producing vias 208 in the second | ayer,
so that thesdruecutddayar tferphdnrssistsukdmiars gff esehicad grldices on the
surface of the netal |ayer. Thus protection of the second |ayer 209 in the
regi on of tdwnddctizGy faowh protfEomearh af tthe sedowe (EyerhelDimter a part
where there is no via in the first layer thus remain. 25 In step g2), parts
of the et dlavesydiran ehemtad Hel parts having been exposed during step
f2). This renoval may_ be carried out by etching or by dissolving, using
processes known per JBEEhip ddifercantexi o tﬁlepasrec%onr%r’i‘tﬁfé?i’dar%fthose parts

f th t I whi ch t tact with t , d duri
ot ep b2) bR (S B PR o7 F e TR APHE G 11 od ot by

t chi ng, f bly i. i d i 5 Af h I f _phot i st
has been | GHISTY (PR TP ARECE 0P Ao b oof MR BT RB t Py Cobtded
conpri ses: laﬁ%é#ﬁ%ﬁ%ﬁ@ﬁ%iﬁﬂtﬁhﬁqﬂ Stg o RAJd s of tracks 212 on

the surface are not in codtact with the

SUbSt T af®; 15 JHET YISt A 39 COTYAS Y bk idift VD@l 0xiPAT thy Of the

tracks 213°on the surface 15 of the first layer, 1n contact wth the

mcrovia. AGLHIHd¥hdt0we tiddd it hoshtfidapleaye il apgd heayd¥Qeess
conprises the followi ng steps: a3) formng, on a substrate 301 having 20
met al | i zablox iRy .t Defhdindf @n pHeddsal, | wheetsaldliaAadd Equaidds,ia first |ayer
303 of insulating photoresist containing netal oxide particles, the oxide
bei ng choserftriomd@ly Go,diGgoMNiinuyeys Starahdha$n aoxdwdez@nd m xt ures t her eof
and, 25 where appropriate, one or nore other 6nonconducti ng and inert
fillers; mBSiPivitadifatietyeand Gdlelanst APt R Eirst |ayer so as to

sel ectively expose netallizable and/or potentially netallizable parts of
the substrate; c3) formf gl il %Bees BoH ttagdiite I0F YReitRFSd al | i zed on

the surface of the first Iager of the cPhOt oresi st and of the ; xIPosed parts
of the to achieve in the sublayer depends on the compositio

of the first layer of photoresist. It should be pointed
out by way of indication that the cohesion of the
sublayer is better the higher the concentration of

20 oxide particles.

When the first layer of photoresist consists

of from 10 to 90% by weight of metal oxide; from 0 to
50% by weight of one or more inert and nonconducting
fillers; and from 10 to 90% by weight of polymer

25 resist, the reduction is advantageously continued until
a surface resistivity of 0.01 to 10° Q/0O is obtained.
In general, a continuous sublayer is obtained. The

continuity and the surface resistivities reached make



substrate - either by comng into contact wwth a solution of a noble netal
salt capable 10 of being reduced by the netal oxide particles - or by
comng into contact with a reduci ng agent capabl e of reducing the netal

oxi de particles; 15 d3) where appropriate, electrochem cal and/or
electrolytic netallization so as to depgsit a nmetal |ayer 306 on the first
| ayer and on the exposed parts of the substrate; e3) formng a second | ayer
207 of photoresist on 20 the netallized surface, this second | ayer not

cont ai ni ng et yooxiie B tgatesullad dd nad alinerand develgpiing the second
| ayer so as to selectively expose certain parts of the netal |ayer; 25 g3)
rei nf or ci ng riche IMetAlt ilay en Bhamahdlldyat. Eor reddiglresgi on of the parts
exposed during step f3) ; 34 h3) renoving the second | ayer of photoresist
SO0 as to expase tdd yeicalmdtayldri Ze ifromderh iimasydsing partrs=nt 3gayet chi ng
the netal |ayer so as to renove all 5 of the layer on the parts which have
not been reibef arsel. The third nmethod of inplenentation corresponds to
nmetal li zati on according to a panel -type process with patterned
reinforcénent. 10 | n tWhercdde dfinste tavan afetdhod asfesigdl eranaigtison, the
second | ayer of photoresist is renoved in step h3). Steps a3) and b3) are
in accordan® Wiasd sthags )% a woightheo T apfdneiifend ¥am & 9ayer of

i nsul ating phat oresi st capabl e of 15 induci ng subsequent tallization is a
metal oxi de °4F n"‘fer]tﬂﬁto.?atbﬁi‘,e &% ngre g 36'595 CORPLTHNDE f or ni ng

tracks and mi.crovias i i on, qf st eps i si ng_st 3), d3),
e3), fS 3). g%l,clr%sa%r#d‘sq %ﬁéﬁi}%ﬁ%@?% kﬁsyns‘f{)esé??ghq&rr}%’#g_%;o;gﬁ“ses‘f op 3,33 5 50
expiained 1 data) | AROVEQLIING {16 VAR ARAY dige fa dhe iy d method

of inplenentation,’ a photovia 304,”71.€. a vica I n daninsulating photoresist

erer gi “de'gn £ JEtaldd zal g rvi&&é%é-aaéelry tilallgszabire par &BE"QEneB? formed

in step ). During step c3 ayer 305 25 capable of being netallized

is formed ovgy e eldd,e th@id IR SUAL e i ddntSindi@%&ls. according
to one of the two given nethods, preferably the first one, with the aid of

noble netal salts in agid dRfiiHious ¥ RUrddthtd iR GYbldRialdlisgati on may
be carried out in order to obtain a continuous netal |ayer 306 over the

entire avai ladldloavss wdtadeysiBy afeatise cfulstesuend) metad sHpectiitvevihpirlat ection i s
obtai ned by producing a vias 5 308 so as to expose the netal layer in the
regi on of t e ighotasding IGOnalat el Wiconged diksl eoftidimed .so as to expose the
metal layer in the region of part of the first |layer where there is no
phot ovi &3 I n step g3) MHEs SRR ¥l he thetsalstegydrelps to improve
the adhesion of the subsequent metal deposit, while
preventing any break in the electrical conduction
within the metallized vias.
The formation of the sublayer within the
20 context of the second method may especially comprise
the follows steps:
- exposure of the metal oxide particles contained in
the first layer of photoresist. This operation is
preferably carried out by alkaline etching (for
25 example using a sodium hydroxide or potassium

hydroxide solution in aqueous/alcoholic medium)

and then rinsing with water, possibly in an



10 exposed during step f3), that is to say in the region of the vias 308
and 309, are reinforced. The reinforcenent 310 nmay consist of a sinple,
easily etchable, nmetal film for exanple of the sanme nature as the netal

| ayer, and preferably obtained by 15 electrolytic netallization. The

t hi ckness of the netal layer on the reinforced parts is greater than on the
unrei nforced parts. The reinforcenment may al so consist of a netallic
material that is not easily etchable, such as gold. 20 After the |ayer of
phot or esi st has heefrd£sMVEe€hath Step 43)to tFemees athé ayeidés etched during
a step i3) so as to renove all of the nmetal |ayer on the parts which have
not been reinforoetraicled dgaveed; metal filmon the parts which have been
reinforced. 25 This is carried out, for exanple, by differential etching.
The etching 4+s carfitte ciiirsth hayelr nediphntdoesexamdrecain86iddret surf ace of

the circuitry obtained conprises: - the first layer 314 of photoresist -
parts of tracks 30PL#rshesuch fagecaichm heafhonate afeklenhi chhare not in
contact with the substrate: - mcrovias 311 in contact with the substrate;

- parts of the tratkbaza3ziomade stighlelky 100wWgh the 3¢¥dtetehERg- in cont act

with the mcrovia, The circujtry, | evel obtajined nmay support anot her
circuitry Ilevel, W%l%ﬂr%@c@?&%f?%f??%b%%q?@&%%t%f&é‘?%?%? steps. One

enbodi mrent of a second 15 c |tr | evel jve elow, illustrated by
Figures 4a to 4c.CRMrime, %én]g %etkb?)é?%tﬁqjo RLAYGT ed out accordi ng
to a process simlar to.the S errentatl on. rlnga
step a4), a fi rst%?%n&ae?lo % or%rl%%lneist erm% Orf‘he sur acet

circuitry level o { he ﬂ'@gﬂﬁg§ descrl bed
above, having the "8 fﬁ'llér)lso ati ng phot Br eS| st con(? %.‘ﬁg met al

oxi de pafgicles thé h@i@ﬁaﬁéﬁviQLﬁr&fé% iy yedaved 44 he sercald@dr | oner

| evel ) and having tracks and m crovi as , 903. During step b4 the first
| ayer of resist iwyiifmstsies amdaxdew@h@wg SO @Side doHtaphDiQviias 406,
37 407 energing in a track part or in mcrovia 402, 403 and, ere

appropriate, in a¢gdieidadentetatd i zabddi pos trefdvabnsaséorgimog part of
the first layer of the |ower |evel (the second |ayer of the |lower |evel was
5 renoved). Duringe s4 gproddiphel sithilar secontet aescrofbehoiloresi st i s
deposited, irradiated and exposed so as to form sel ective protection.
By way of indication, it should be pointed
15 out that when the metal oxide is a cuprous oxide, part
of the copper is reduced to the CuH state, in which
state the copper acts as a catalyst for the formation
of the sublayer. If there is excess CuH, this is slowly
converted into copper metal at room temperature, the
20 hydrogen diffusing to the outside. Hereafter, the
presence of this transient hydride will not be
mentioned further and reference will simply be made to
a metal layer.
In order to carry out the reduction, a person
25 skilled in the art may select any one of the reducing

agents capable of reducing the metal oxide to metal of

oxidation state O.



During a step e4), a sublayer capable of 10 being netallized is fornmed as
descri bed above. Furthernore, the sublayer is formed on the unprotected
surfaces of the first layer and on the potentially netallizable surface
405. Metallization is carried out during a step 15 f4). Tracks and

m crovi as 410, 411, 412 are fornmed. Duripng a step g4), the second | ayer of
phot oresi st is renoved. WO 02/ 054844 38 PCT/ FROL/ 04150 C?~AIM5S 1. A
process for fabricating a multilevel interconnect circuitry conprising

metal tracks and 5 m QLQUIASnS AW IRINTdhedQl9taWiRG, SifARsd or produci ng
at | east one level: a) formng, on a substrate having netallizable and/or

potential | y gmtiald iv2al & vy thi 10N ddpersl)l facahed did HarldBy & afhd nsul ati ng
phot oresi st 10 contai ning a conpound capabl e of inducing subsequent

met al | i zat i @rodyrdildradiaaid nth ak demelrepiory thke fdt=st dsayy so as to

sel ectively expose netallizable and/or potentially nmetallizable parts of

t he subst ratentBained fior mheg,pdiymest aldtizat iforymimet ahe rdeke@ndiarn crovi as
on the surface of the first layer of insulating photoresist and of the
parts exposedid,n o3t gfeb)othen hant e tdfe #xderdndll Hher nefdysitdtay esi st
form ng selective protection; 20 characterized in that the process

conpri ses, fC@rrrp‘reéglfb-]tng FIREJIALY 9 Fhesttivie of tesdid mPsMi ch t he
second | ayer of photoresist is removed. 2. The process as clainmed in claim

1, charact eriSF6d 3 it AHE S ISHRRET $™@Hower 25 circuitry level, the
Total i 226l & parts bl HGHETA & (e NehAls WM Amgeae T st
varies depending on the type of reducing agent used and
10 on the nature of the metal oxide to be reduced.
According to a preferred method of implementing the
invention, the reducing agent is a borohydride.

The action of borohydrides when the metal

oxide 1s a cuprous oxide is described more specifically
15 Dbelow.

Cup0 is reduced to metallic copper by the
action of a borohydride.

By using this type of reducing agent, the
layer formed on the surface of the dielectric is a

20 continuous or discontinuous metal layer of copper.

The borohydrides that can be used include
substituted borohydrides as well as unsubstituted
borchydrides. Substituted borohydrides in which at most
three hydrogen atoms of the borohydride ion have been

25 replaced with substituents which are inert under the
reduction conditions, such as for example with alkyl
radicals, aryl radicals and alkoxy radicals, may be

used. Preferably, alkaline borohydrides are used in



39 layer of insulating photoresist for producing a | ower level. 3. The
process as clainmed in claiml or 2, characterized in that the second | ayer
of photoresi st 5 does not contain a conpound capabl e of inducing subsequent
metal lization. 9. The process as clained in one of the preceding clains,
characterized in that the conpound capa e of inducing subsequent
nmetallization consists 10 of particles of a netal oxide chosen from Cu, Co,
Cr, Ni, Pb, Sb and Sn oxides and m xtures thereof. 5. The process as
clained in engof difee qecediapohaidehsichay aoft e/ddziagh idr that the first

| ayer of resist contains inert nonconducting fillers. 15 6. The process as
claimed in greadsidre [@reeieti nge:dngp e charaderridediat thad t he
nmetallization is carried out on a sublayer capable of being netallized,

f ormed bef orshigrablen artee ssaodiage kofrdathedfidest dabyasrsiofm phot or esi st or of
exposed parts of 20 the first |layer of photoresist. 7. The process as
claimed in daiahyglirigtar sadiruny edi 6 trh vl rattied gl andl Redpiedst iearof i nduci ng
subsequent netallization consists of particles of a netal oxide chosen from
Cu, Co, &, MNipPHERYIRPrahy IS oxi des and mi xtures thereof and in that

t he subl ayer is ot ore,si(jzt or parts of the

first layer of pLg{ giqb%tg%ifg?%a%{ﬁﬁéﬁshﬁa{Wle FPH sHiMRI%n of a
nobl e Tt el AT SR peeRt Bd e et e e ) T
solution is s%ﬁﬂi%% %éaéﬂ'g i@&ol?ydr-ri@e pfnogﬁascserasofliq{ @%ﬂﬁﬂé h(?f of
water and of an inert polar solvent such as, for
10 example, a lower aliphatic alcohol.
Preference is given to purely borohydride
solutions. The concentration of these solutions may
vary over wide limits and it preferably lies between
0.05 and 1% (by weight of active hydrogen of the
15 borohydride in the solution). The reducing treatment
may be carried out at high temperature; however, it is
preferred to do so at a temperature close to room
temperature, for example between 15 and 30°C. With
regard to the execution of the reaction, it should be
20 noted that it gives rise to B(OH)3 and to OH ions,
which have the effect of increasing the pH of the
medium during the reduction. However, at high pH
values, for example greater than 13, the rate of
reduction is decreased so that it may be advantageous
25 to operate in a buffered medium so as to have a well-
defined reduction rate.
By varying mainly the treatment time, it is

possible to easily control the extent of the reduction.



clainms 6 and 7, characterized in that the noble netal salt is chosen from
Au, Ag, Rh, Pd, Gs, Ir and Pt salts with a counterion chosen from Cl-, NO3-
and CH3C00-. 10 10. The process as clainmed in claim®6, characterized in
that the conpound capabl e of inducing subsequent netallization consists of
particles of a netal oxide chosen fromgqCu, Co, C, N, Pb, Sb and Sn oxides
and m xtures thereof and in that the sublayer is 15 forned by the first

| ayer of photoresist or parts of the first |ayer of photoresist conmng into
contact w tfh ayefuricageie calabite wit ¥ edeidipdhei myxie @ ticles. 11
The process as clained in one of 20 clainms 6 to 10, characterized in that
the particlessiofed heafuest drayetredtndrod ariesd Aedsssaxpased before the

subl ayer capable of being netallized is forned. 12. The process as clai ned
in one of tdengraelcediquitd ashhert drad acdeperrkichg ron hdte tdmoR5sredfl |1 zat i on
is carried out electrochemcally and/or electrolytically. 13. The process
as cl ai med axidmelrofludrd piteddl i el edtisic chay attudrlilredetvadat the 41
metallization is carried out electrolytically in acid nedium 14. The
process as a@ihemng might ofand ARy fifteen dhigid@er iFad 3 BIWwA step ¢)
conprises 5 the following steps: cl) farmng, on the first |layer and on the
exposed part<SHM§He Gkt rilt 615 PITTRE 158 ruidthshotoresi® | intended to

orm ! St RBLECLLOT o N SEERIL LAY, Dok SONL 2L 0, 8,40 comount

devel opi ng .t he. second. .l ayer.so a sel ectively, expose certain parts of
the first Ir%'ieyaglrlﬁnafnd'5 uccehr t%/.sl nf%%ref)garﬁﬁqpt ﬁbeoglucbsaf(:r%q'e;é)’ﬁ%lecl)ac'floér’m ng a

subl ayer c hei d 1i -2l i i tact with a
sol ution o?cagé}'lnigia?%c%'ta L'[s%l?l%apacqb eorgfr&ét}%flng%rlegucde% bgydtqhgaogr]ret al oxide

20 partie! espa1 Of110y Q0MNgd NtoLQN o) Wit dedupimthransnts papabl e of

reduci ng the netal oxide particles; el ectrochem cal and/or electrolytic

25 metal | i zailon & a8 tepgrposit) aHmimldd .ayer on the exposed parts of the
first layer and of the substrate; gl) renoval of the second | ayer of
phot or esi st. 42 15.17tThiess prlosessosasilaitedrdry ate efmount of

borohydride used so as to control the extent of the

reduction. A preferred operating method consists in

15 dipping the substrate to be reduced into a relatively
viscous borohydride solution and then in withdrawing
the substrate in order to allow the reduction operation
to take place in air. The amount of borohydride ions
BH;  consumed depends on the viscosity. The BH4”

20 therefore reacts in a thin layer on the surface to be
reduced. This process also has the advantage of neither
contaminating the initial bath nor of destabilizing it.

The exact and precise conditions of the
reduction by the borohydride are such as those

25 described in EP 82 094. However, it must be understood
that, within the context of the invention, only a

surface part of the dielectric has to be reduced.



claims 7 to 13, characterized in that step c) conprises the follow ng
steps: c2) formng a subl ayer capable of being 5 netallized on the surface
of the first layer of the photoresist and of the exposed parts of the
substrate - either by comng into contact with a solution of a noble netal
salt capable 10 of being reduced by thggnetal oxide particles; - or by
comng into contact with a reduci ng agent capabl e of reducing the netal

oxi de particles; 15 d2) electrochem cal and/or electrolytic netallization

so as to deposit a netpk haygl19Bathenki bt thaysthpaage@natBe exposed parts
of the substrate; e2) formng on the netallized surface a second 20 | ayer

of photorespsbduteticeageleh0ibnem bbeveel ective protection; f2) irradiating
and devel opi ng the second | ayer so as to selectively expose certain parts
of the netal |ayer; 2bug2hgr enevppgdtibeiortaf thgeciteamtthelpaels exposed
during step f2); h2) renoving the second | ayer of photoresist. 43 16. The
process as thei tedernofl photdresiss, ishaemevedi zEUisnophaatsbepmey
conprises the follow ng steps: ¢c3) formng a subl ayer capable of being 5
metal | i zéd bR €ABEriqdfaes &n Vhélpussﬁteayedegendh@gpﬁ@téh@smgthadd of the

exposed parts of the substrate - either by conming into contact with a
sol ution of°4 h@BF@mﬁEFQFlgartTESpéBWGVQé EPYbE?nﬁaFéﬁﬁéeﬂuBythe net al

oxi de particl es; or C i nto_cont ac th a reduci agent capabl e
of redgcinggl olv1ng o grlpglng The tecﬁnyaues of compggtegy P

removing a layer of photoresist are known.
The removal is easier if the second layer of
10 photoresist is not in an advanced state of cure.
Preferably, it is in the A-stage during its removal.
The process may include a treatment step
intended to place the first layer of insulating
photoresist in an advanced state of cure, for example
15 the B-stage. The treatment may, for example, consist in
a curing operation. It is preferably carried out after
the second layer of photoresist has been removed. The
treatment gives the circuitries greater stability,
particularly greater dimensional stability, and thus
20 allows the placement precision of the irradiation and
development steps to be improved. In addition, it
limits the swelling phenomena in the resists in contact
with the solutions used during the various treatments.
The process is particularly suitable for the
25 production of printed circuits and of multilayer
modules having a high integration density.
Further details and advantages of the

invention will become more clearly apparent in the



nmetal oxide particles; 15 d3) where appropriate, el ectrochem cal and/or
electrolytic netallization so as to deposit a netal |ayer on the first

| ayer and on the exposed parts of the substrate; e3) form ng on the netal
surface a second | ayer 20 of photoresist intended to formthe selective
protection, this second |ayer not contaigning a conpound capabl e of inducing
subsequent netallization; f3) irradiating and devel opi ng the second | ayer
25 so as to selectively expose certain parts of the netal |ayer; 94 g3)

rei nfor ci ng 1tike tmefralt Hea yRir thculRirdldtFids0 b £ A nilenee@adi of dJikerparts
exposed during step f3) ; h3) renoving the second | ayer of photoresist so 5
as to exposedihe .Mpotle Isperyi fieidlflgr,cathrde eRsthaids parts; i3) etching the
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been rei nf origgd.enkhthtiochha e eresermed;| aheese beione idfl s gireetedi ng
clainms, characterized in that it includes a step of treating the first
| ayer of photyorfagiustessshasing clotheima td B-cstoage seediisnall &ieWse gfr ocess as
claimed in claim17, 15 characterized in that the treatnent step is a
curing stoep téar diggudtir igfs grradveesedon@ Papeess agisoirerias $10 Hde been
renoved. 19. The process as clained in one _of the preceding clains,
char act er i zé@VieRtlieat athe aujipsrsr HLer2o iins the PFHOFEFSi-nt ed circuit
conprising tracks on its surfg&s. 20.. The use of a process as clainmed in
p

one of the preceding ¢REYRES FSAd@ nF SREETERF G GES AT YmA i | ayer

acke and. H STHS M B O LG ohe R8s B AR Poclss ST o rod i n
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second method of implementation.
Figures 3a) to 31i) represent the circuitry at
the various steps in the process according to the third
15 method of implementation.
Figures 4a) to 4c) represent a multilevel
circuitry at various steps in the process.
According to a first method of
implementation, the process comprises the following
20 steps:
al) forming, on a substrate 101 having
metallizable parts 102 and/or potentially
metallizable parts, a first layer 103 of
insulating photoresist containing metal oxide
25 particles, the oxide being chosen from Cu, Co, Cr,
Ni, Pb, Sb and Sn oxides and mixtures thereof and,

where appropriate, one or more other nonconducting

and inert fillers;
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on the exposed parts of the first layer and of the

substrate;
25 gl) removal of the second layer of photoresist.
The first method of implementation
corresponds to metallization according to a pattern-

type process.
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3(MO%& () s3&HY&1() -as% HIYR e NrEHaGdrdance with steps a) and
b). The compound in the first layer of insulating
5 photoresist capable of inducing subsequent
metallization is a metal oxide chosen from Cu, Co, Cr,
Ni, Pb and Sn oxides. Step c) of forming tracks and
microvias is a sequence of steps comprising step cl),
dl), el), f1) and gl).
10 The ways of carrying out each step have been
detailed above. During the process according to the
first method of implementation, a photovia 104, i.e. a
via in an insulating photoresist emerging in a
metallizable part 102 and/or a potentially metallizable
15 part, is formed in step bl). During step dl), the
selective protection is obtained by producing a vias
106 in the region of the photovia 104 so as to expose
the metallizable part 102 and by producing a via 107 in
the region of a part of the first layer of photoresist.
20 During step el), a sublayer 107 capable of being
metallized is formed according to one of the two
methods given, preferably the first one, with the aid
of noble metal salts in acid medium. In step fl), a
metallization is produced, preferably electrolytically.
25 Metal interconnects 109, which will especilally form
tracks and microvias, are obtained. In step gl), the
second layer of photoresist is removed. The surface of

the circuitry obtained comprises:
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10 10 of the first layer, in contact with the

microvia.

10 According to a second method of
implementation, the process comprises the following
steps:

a2) forming, on a substrate 201 having
metallizable parts 202 and/or potentially

15 metallizable parts, a first layer 203 of

insulating photoresist containing metal oxide

particles, the oxide being chosen from Cu, Co, Cr,
Ni, Pb, Sb and Sn oxides and mixtures thereof and,
where appropriate, one or more other nonconducting

20 and inert fillers;

b2) irradiating and developing the first layer so
as to selectively expose metallizable and/or
potentially metallizable parts of the substrate;
c2) forming a sublayer 205 capable of being

25 metallized on the surface of the first layer of

photoresist and of the exposed parts of the

substrate;
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A& () reducing agent capable of reducing the
metal oxide particles:
d2) electrochemical and/or electrolytic
metallization so as to deposit a metal layer 206
10 on the first layer and on the exposed parts of the
substrate;
e2) forming on the metallized surface a second
layer 207 of photoresist;
f2) irradiating and developing the second layer
15 so as to selectively expose certain parts of the
metal layer;
g2) removing the metal layer from the region of
the parts exposed during step £2);
h2) removing the second layer of photoresist.
20 The second method of implementation
corresponds to metallization according to a panel-type
process.
For the second method of implementation, the
second layer of photoresist is removed in step h2).
25 Steps a2) and b2) are in accordance with steps a) and
b). The compound in the first layer of insulating

photoresist capable of inducing subsequent

metallization is a metal oxide chosen from Cu, Co, Cr,
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explained 1n detail above. Durlng the process according
to the second method of implementation, a photovia 204,
i.e. a via in an insulating photoresist emerging in a
metallizable part 202 and/or a potentially metallizable
part, is formed in step b2). During step c2), a layer
10 205 capable of being metallized is formed over the
entire available surface of the first layer, according
to one of the two given methods, preferably the first
one, with the aid of noble metal salts in acid medium.
During step d2), the metallization is carried out in
15 order to obtain a continuous metal layer 206 over the
entire available surface. The metallization is
preferably carried out electrolytically in acid medium.
During step f2), selective protection is obtained by
producing vias 208 in the second layer, so that the
20 second layer of photoresist remains present in places
on the surface of the metal layer. Thus protection of
the second layer 209 in the region of the via 204 and
protection of the second layer 210 over a part where
there is no via in the first layer thus remain.
25 In step g2), parts of the metal layer are
removed, these parts having been exposed during step

f2). This removal may be carried out by etching or by

dissolving, using processes known per se. In general,
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After the second layer of photoresist has

been removed in step h2), the surface of the circuitry

obtained comprises:

the first layer 214 of photoresist;
parts of tracks 212 on the surface of
the first layer, which are not in
contact with the substrate;

microvias 211 in contact with the
substrate;

parts of the tracks 213 on the surface
of the first layer, in contact with the

microvia.

According to a third method of implementation

the process comprises the following steps:

a3) forming, on a substrate 301 having

metallizable parts 302 and/or potentially

metallizable parts, a first layer 303 of

insulating photoresist containing metal oxide

particles, the oxide being chosen from Cu, Co, Cr,

Ni, Pb, Sb and Sn oxides and mixtures thereof and,

where appropriate, one or more other nonconducting

and inert fillers;
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the photoresist and of the exposed parts of the
substrate
- either by coming into contact with a
solution of a noble metal salt capable

10 of being reduced by the metal oxide

particles

- or by coming into contact with a
reducing agent capable of reducing the
metal oxide particles;

15 d3) where appropriate, electrochemical and/or
electrolytic metallization so as to deposit a
metal layer 306 on the first layer and on the
exposed parts of the substrate;
e3) forming a second layer 207 of photoresist on

20 the metallized surface, this second layer not
containing metal oxide particles;
f3) irradiating and developing the second layer
so as to selectively expose certain parts of the
metal layer;

25 g3) reinforcing the metal layer by metallization

in the region of the parts exposed during step

£3);
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5 of the layer on the parts which have not been
reinforced.

The third method of implementation
corresponds to metallization according to a panel-type
process with patterned reinforcement.

10 In the case of the third method of
implementation, the second layer of photoresist is
removed in step h3). Steps a3) and b3) are in
accordance with steps a) and b). The compound in the
first layer of insulating photoresist capable of

15 inducing subsequent metallization is a metal oxide
chosen from Cu, Co, Cr, Ni, Pb, Sn oxides. Step c) of
forming tracks and microvias is a succession of steps
comprising steps c¢3), d3), e3), £3), g3), h3) and i3).

The ways of implementing each step were

20 explained in detail above. During the process according
to the third method of implementation, a photovia 304,
i.e. a via in an insulating photoresist emerging in a
metallizable or potentially metallizable part 302, is
formed in step b3). During step c3), a sublayer 305

25 capable of being metallized is formed over the entire
available surface of the first layer, according to one

of the two given methods, preferably the first one,

with the aid of noble metal salts in acid medium.
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order to obtain a continuous metal layer 306 over the
entire available surface. By means of step f3), the
selective protection is obtained by producing a vias
5 308 so as to expose the metal layer in the region of
the photovia 304 and a via 309 is obtained so as to
expose the metal layer in the region of part of the
first layer where there is no photovia.
In step g3) those parts of the metal layer

10 exposed during step £3), that is to say in the region
of the vias 308 and 309, are reinforced. The
reinforcement 310 may consist of a simple, easily
etchable, metal film, for example of the same nature as
the metal layer, and preferably obtained by

15 electrolytic metallization. The thickness of the metal
layer on the reinforced parts is greater than on the
unreinforced parts. The reinforcement may also consist
of a metallic material that is not easily etchable,
such as gold.

20 BAfter the layer of photoresist has been
removed in step h3), the metal layer is etched during a
step i3) so as to remove all of the metal layer on the
parts which have not been reinforced and to leave a
metal film on the parts which have been reinforced.

25 This is carried out, for example, by differential
etching. The etching is carried out in acid medium, for

example.
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comprises:
- the first layer 314 of photoresist
- parts of tracks 312 on the surface of
5 the first layer, which are not in
contact with the substrate;
- microvias 311 in contact with the
substrate;
- parts of the tracks 313 on the surface
10 of the first layer, in contact with the
microvia.

The circuitry level obtained may support
another circuitry level, obtained according to the
sequences of similar steps. One embodiment of a second

15 circuitry level is given below, illustrated by
Figures 4a to 4dc.

In this example, the operation is carried out
according to a process similar to the first method of
implementation.

20 During a step a4), a first layer of
photoresist is formed on the surface of a circuitry
level obtained by one of the methods of implementation
described above, having the layer 401 of insulating
photoresist containing metal oxide particles of the

25 previous circuitry level (the so-called lower level)
and having tracks and microvias 402, 403.

During step b4) the first layer of resist is

irradiated and developed so as to form photovias 406,
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and, where appropriate, in a potentially metallizable

part 405 consisting of part of the first layer of the

lower level (the second layer of the lower level was
5 removed).

During step c4) and d4), a second layer of
photoresist is deposited, irradiated and exposed so as
to form selective protection.

During a step ed4), a sublayer capable of

10 being metallized is formed as described above.
Furthermore, the sublayer is formed on the unprotected
surfaces of the first layer and on the potentially
metallizable surface 405.

Metallization is carried out during a step

15 f4). Tracks and microvias 410, 411, 412 are formed.

During a step g4), the second layer of

photoresist is removed.



109%&' ()-s109%' ()-f 109 ()-z!f 10%t#& ()-z"FQdEPL | $109%& ()-" 10%&' ()-Y
" 109 ()-3f 100 ()-Y MLO%& ()-3910% ()-/\bcderPB4 10 10 10!yf5: ! 10%& () -
-10%& ()-yF( 10%& ()-!'yF( 109%R& ()-F y&ml0%& () - eh$VaBPB4

1010%4 & ()-f10%| & ()-S3 10%4?& ()-!vS3 10%' ()-S 10%| & ()-

f10%| & () - g PCT/FRO1/04

103‘10@&|&f()?ggzgfgpef-s&10@&|&f()-3N€g@&|&f()-sf‘109&|&f()-10@&?%T()-YpA?
PB4 10-10%!/ & ()-!3( 10%t| 4| & ()-!3( 10%?& ()-s$Y10%| & ()-"10%| & () -
910%4| & ()-rxyz{~uj _@ 10y1l0% & ()- é&PAIM&04| 104]|910%}| & ()-!S5
109 M & ()-s310%| & ()--10%| & () -~TWZX6_ @ ' @10% %% ()-!;
10%uu& ()-'1 10%k& ()- 10% & ()-!'{ f 10%:& ()- !'I'f 10%& ()- rS1 !°f
10%00& ()-,y1l0% o0& ()- 10p%p% 10p%p% 10p%p% 6, : ! 10%%%& ()-!,,:!110% f& ()-
& 10% & ()-Mkt\}[<rS11." $ 20YrbBek)- Bbr$riB¥besSedng) aSMuleYL&vel- G
interconnect circuitry comprising metal tracks and
5 microvias, comprising the following steps for producing
at least one level:
a) forming, on a substrate having
metallizable and/or potentially metallizable parts on
its surface, a first layer of insulating photoresist
10 containing a compound capable of inducing subsequent
metallization;
b) irradiating and developing the first layer
so as to selectively expose metallizable and/or
potentially metallizable parts of the substrate;
15 c) forming, by metallization, metal tracks
and microvias on the surface of the first layer of
insulating photoresist and of the parts exposed in step
b), with the use of a second layer of photoresist
forming selective protection;
20 characterized in that the process comprises, for
producing the level in question, a step during which
the second layer of photoresist is removed.
2. The process as claimed in claim 1,
characterized in that the substrate is a lower
25 <circuitry level, the metallizable parts being metal

tracks or microvias and the potentially metallizable

parts being non-metallized parts having some first
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3. The process as claimed in claim 1 or 2,

characterized in that the second layer of photoresist
5 does not contain a compound capable of inducing
subsequent metallization.

4, The process as claimed in one of the
preceding claims, characterized in that the compound
capable of inducing subsequent metallization consists

10 of particles of a metal oxide chosen from Cu, Co, Cr,
Ni, Pb, Sb and Sn oxides and mixtures thereof.

5. The process as claimed in one of the
preceding claims, characterized in that the first layer
of resist contains inert nonconducting fillers.

15 6. The process as claimed in one of the
preceding claims, characterized in that the
metallization is carried out on a sublayer capable of
being metallized, formed beforehand on the surface of
the first layer of photoresist or of exposed parts of

20 the first layer of photoresist.

7. The process as claimed in claim 6,
characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
metal oxide chosen from Cu, Co, Cr, Ni, Pb, Sb and Sn

25 oxides and mixtures thereof and in that the sublayer is

formed by the first layer of photoresist or parts of

the first layer of photoresist coming into contact with
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8. The process as claimed in claim 7,

characterized in that the noble metal salt solution is
5 an acid solution.

9. The process as claimed in either of
claims 6 and 7, characterized in that the noble metal
salt is chosen from Au, Ag, Rh, Pd, Os, Ir and Pt salts
with a counterion chosen from Cl°, NO3  and CH;COO™.

10 10. The process as claimed in claim 6,
characterized in that the compound capable of inducing
subsequent metallization consists of particles of a
metal oxide chosen from Cu, Co, Cr, Ni, Pb, Sb and Sn
oxides and mixtures thereof and in that the sublayer is

15 formed by the first layer of photoresist or parts of
the first layer of photoresist coming into contact with
a reducing agent capable of reducing the oxide
particles.

11. The process as claimed in one of

20 claims 6 to 10, characterized in that the particles of
the first layer of photoresist are exposed before the
sublayer capable of being metallized is formed.

12. The process as claimed in one of the
preceding claims, characterized in that the

25 metallization is carried out electrochemically and/or
electrolytically.

13. The process as claimed in one of the

preceding claims, characterized in that the
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medium.
14. The process as claimed in one of
claims 7 to 13, characterized in that step c) comprises
5 the following steps:
cl) forming, on the first layer and on the
exposed parts of the substrate, a second layer of
photoresist, intended to form selective
protection, this second layer not containing a
10 compound capable of inducing subsequent
metallization;
dl) irradiating and developing the second layer
so as to selectively expose certain parts of the
first layer and certain parts of the substrate;
15 el) forming a sublayer capable of being
metallized

- either by coming into contact with a
solution of a noble metal salt capable
of being reduced by the metal oxide

20 particles;

- or by coming into contact with a
reducing agent capable of reducing the
metal oxide particles;

fl) electrochemical and/or electrolytic

25 metallization so as to deposit a metal layer on
the exposed parts of the first layer and of the
substrate;

gl) removal of the second layer of photoresist.
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the following steps:

c2) forming a sublayer capable of being
metallized on the surface of the first layer of
the photoresist and of the exposed parts of the
substrate

- either by coming into contact with a
solution of a noble metal salt capable
of being reduced by the metal oxide
particles;

- or by coming into contact with a
reducing agent capable of reducing the
metal oxide particles;

d2) electrochemical and/or electrolytic
metallization so as to deposit a metal layer on
the first layer and on the exposed parts of the
substrate;

e2) forming on the metallized surface a second
layer of photoresist, intended to form the
selective protection;

f2) irradiating and developing the second layer
so as to selectively expose certain parts of the
metal layer;

g2) removing the metal layer from the parts
exposed during step £2);

h2) removing the second layer of photoresist.
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the photoresist and of the exposed parts of the
substrate

- either by coming into contact with a
solution of a noble metal salt capable

10 of being reduced by the metal oxide

particles;

- or by coming into contact with a
reducing agent capable of reducing the
metal oxide particles;

15 d3) where appropriate, electrochemical and/or
electrolytic metallization so as to deposit a
metal layer on the first layer and on the exposed
parts of the substrate;
e3) forming on the metal surface a second layer

20 of photoresist intended to form the selective
protection, this second layer not containing a
compound capable of inducing subsequent
metallization;
£3) irradiating and developing the second layer

25 so as to selectively expose certain parts of the

metal layer;
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g3) reinforcing the metal layer by metallization
in the region of the parts exposed during step
£3);

h3) removing the second layer of photoresist so
as to expose the metal layer reinforced in certain
parts;

i3) etching the metal layer so as to remove all
of the layer on the parts which have not been
reinforced.

17. The process as claimed in one of the
preceding claims, characterized in that it includes a
step of treating the first layer of photoresist so as
to obtain a B-~stage resist.

18. The process as claimed in claim 17,
characterized in that the treatment step is a curing
step carried out after the second layer of photoresist
has been removed.

19. The process as claimed in one of the
preceding claims, characterized in that the substrate
is a rigid printed circuit comprising tracks on its
surface.

20. The use of a process as claimed in one
of the preceding claims for producing printed circuits
and multilayer modules having a high integration
density.

21. Circuitries comprising tracks and
microvias capable of being obtained by the process as

claimed in one of claims 1 to 19.



